Some new nonlinear impulsive differential and integral inequalities with nonlocal integral jump conditions are presented in this paper. Using the method of mathematical induction, we obtain a new upper bound estimation of certain differential and integral inequalities; these inequalities have both nonlocal integral jump and weakly singular kernels. Finally, we give two examples of these inequalities in estimating solutions of certain equations with Riemann-Liouville fractional integral conditions.
Introduction
As is well known, impulsive differential and impulsive integral inequalities play a fundamental part in the study of theory of impulsive equations (see [1] [2] [3] [4] ). Recently, a lot of experts studied the global existence, uniqueness, bounded-ness, stability, oscillation and other properties of different impulsive inequalities (see [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] ). For example, in [1] , Lakshmikanthan investigated an impulsive differential inequality given as Theorem 1.1.
Let 0 ≤ t 0 < t 1 < t 2 < · · · be a sequence, lim k→∞ t k = ∞, R + = [0, +∞). For I ⊂ R, we define the following set of functions:
PC(R + , I) = {u : R + → I; u(t) is continuous for t = t k , u(0 + ), u(t 
Theorem 1.1 Assume that:
(H 0 ) the sequence {t k } satisfies 0 ≤ t 0 < t 1 < t 2 In [12] , Thiramanus and Tariboon developed the impulsive inequalities with the following integral jump conditions:
where 0 ≤ σ k ≤ τ k ≤ t k -t k-1 . In [11] , Liengtragulngam et al. generalized further results by replacing the integral jump conditions (1.2) by the following nonlocal jump conditions:
We note that a weak singular kernel is involved in the nonlocal jump conditions. They gave the estimation of m(t) as follows. 
These results play fundamental roles in the global existence, uniqueness, stability and other properties of various linear impulsive differential and integral equations.
A lot of authors just study the qualitative properties of linear impulsive inequalities. However, most of the phenomena in the world do not change linearly, such as heart beat, blood pressure, and so on. Hence the nonlinear impulsive differential and integral theories are more accurate than linear impulsive theories in various aspects.
In this paper, we extend the theories of linear impulsive system to nonlinear impulsive inequalities with nonlocal jump conditions. We consider the following nonlinear inequality:
with different nonlocal jump conditions, we give the upper bound estimation of the inequality, and an estimation of solutions of certain nonlinear equations is also involved. For convenience, we give the following lemmas.
where C p = 1 for 0 ≤ p ≤ 1, and C p = 2 p-1 for p > 1. 
Nonlinear impulsive inequalities with nonlocal jump conditions
In this section, we present and prove some new nonlinear impulsive differential and integral inequalities with nonlocal jump conditions. Let t l = max{t k : t ≥ t k , k = 1, 2, . . .}. 
Then applying (2.1), we can get
The inequality (2.2) can be written as
Next, we set
By the definition of v(t), we just need to prove
We prove it by induction. For t ∈ [t 0 , t 1 ], inequality (2.4) can be written as
Integrating (2.10) from t 0 to t, for t ∈ [t 0 , t 1 ], we have
Hence (2.9) is valid on [t 0 , t 1 ]. Assume that (2.9) holds for t ∈ [t 0 , t n ], for some integer n > 1. Then, for t ∈ [t n , t n+1 ], it follows from (2.4) and (2.11) that
Applying (2.5) with (2.12), we get
By induction and (2.13), we get
Hence (2.9) is valid on [t n , t n+1 ]. Therefore, the inequalities (2.9) is valid for t 0 ≤ t ≤ t n+1 .
We know that v(t) = m 1-α (t), this completes the proof of Theorem 2.1.
If d k ≡ 1 in Theorem 2.1, we obtain the following theorem.
Theorem 2.2 Suppose that (H 0 ) and (H
Then we have the following inequality:
17)
where
Proof As the proof of Theorem 2.1, from (2.11) we have 
Then, by (2.16),
By Lemma 1.2, we have
For t ∈ [t n , t n+1 ], (2.18) can be replaced by , then, for k = 1, 2, . . . , we have the following estimation:
Proof To prove (i), we use the Hölder inequality. For k = 1, 2, . . . , we get
In fact, by changing the variable, we get
Substituting the above inequalities in (2.3) , we obtain the desired inequality in (2.20).
To prove (ii), since in this case, 2β k -1 > 0, (2β k -1) are well defined for k = 1, 2, . . . . We use the Cauchy-Schwartz inequality to get
Substituting these two inequalities in (2.3), we get the desired results. The proof is completed.
If d k ≡ 0 and p(t) is constant function in Theorem 2.2, we obtain the following corollary. 
Corollary 2.4 Suppose (H 0 ) and (H 1 ) hold, and for q
∈ C[R + , R], k = 1, 2, . . . , t ≥ t 0 , m (t) ≤ pm(t) + q(t)m α (t), t = t k , (2.22) m 1-α t + k ≤ c k (β k ) t k t k-1 (t k -s) β k -1 m 1-α (s) ds + b k , (2.23) where 0 < α < 1, c k , d k ≥ 0, β k > 0m(t) ≤ m 1-α (t 0 ) t 0 <t k <t A k e p(1-α)(t-t 0 ) + t 0 <t k <t t k <t j <t A j B k e p(1-α)(t-t k ) + t t l (1 -α)q(s)e p(1-α)(t-s) ds 1 1-α ,(2.
24)
(ii) If we assume further β k > 1 2 , then, for k = 1, 2, . . . ,
25)
Case II: p = 
26)
27)
where 
Then, for t ≥ t 0 , we have:
. . , the following estimation holds:
30)
Next, we give another kind of nonlinear impulsive differential inequalities. 
Then we have the following estimation:
Proof Obviously, using (2.11), we have (2.34) holds for t ∈ [t 0 , t 1 ]. Suppose (2.34) holds for t ∈ [t 0 , t n ], then, by mathematical induction, we see that
where (·) is the Gamma function. and for k = 1, 2, . . . , n, the following hypotheses hold: ) ,
Then the solution of the initial value problem (3.6) can be estimated as for some constant calculated through (3.7) with k = 10.
